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1.3
1.3.1 0.3 ¢ 5 mL HNO, 1h
( 1)
140 °C 1.0 mL 50 mL
3 o o
1
Tab.1 The procedure for microwave digestion
Step Power/W Ramd/min Control /°C Hold/min
1 800 5 120 2
2 800 4 150 5
3 800 4 180 20
1.3.2 0.1 mL (Sc 1000 mg+ L") 1 mL
(100 mg * L") 100 mlL 2 mL. HNO, (1 mg-
L™, (1mg+L™") 2% HNO, 100 mL
0 1.00 2.00 5.00 10.00 20.00 pg* L™ o
1.3.3 11200 W :18.0 L * min~"' (1.2 L
min"'; :0.89 L * min~'; : ; 3 1Ce0*/Ce* <3%;Ce’" /Ce” <3% o
1.4
1.4.1 X,
_( C, - Cy) xV
' m x 1 000
X;: i mg * kg™ C.: i pg e L7
Cy i peg s L7V ml; m
go
1.4.2 N N N N
1) 12) :3) 14)
2
2.1 U, el AL204 0.1 mg
0.3000 g +1 mg k=3 u, =
0.001 U 0.000 58
=0. = = =0. 1
A 0-00058 ¢ “n i =0.3000 - 0.3000 ~ 00017
2.2 Ug e 6 ICP-MS
N o 16

Sc: 95.0% ~103.8%;Y: 98.8% ~111.3%; La: 89.9% ~95.8%; Ce: 88.8% ~97.1%; Pr:
89.9% ~97.9%; Nd: 88.1% ~96.0%; Sm: 90.4% ~98.5%; Eu: 90.7% ~97.3%; Gd: 89.7% ~97.6%;
Th: 92.0% ~98.7%; Dy: 93.0% ~99.6%; Ho: 92.3% ~99.4; Er: 91.2% ~99.4%; Tm: 91.7% ~98.2%;
Yb: 91.6% ~98.6%; Lu: 94.2% ~100.8% ( 6 )
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+ -\ 2
a —a
Ul = ( ]2 ) °
2 16 Up .. 0.0173~0.036 1
2
Tab. 2 Uncertainty of recovery %
Element Se Y La Ce Pr Nd Sm Eu
a’t 103.8 111.3 95.9 97.1 97.9 96.0 98.5 97.3
a” 95.0 98.8 89.9 88.8 89.9 88.1 90.4 90.7
UR ol 0.025 4 0.036 1 0.017 3 0.024 0 0.023 1 0.022 8 0.023 4 0.019 0
Element Gd Th Dy Ho Er Tm Yb Lu
a’ 97.6 98.7 99.6 99.4 99.4 98.2 98.6 100. 8
a” 89.7 92.0 93.0 92.3 91.2 91.7 91.6 94.2
T 0.022 8 0.019 3 0.0190 0.020 5 0.023 7 0.018 8 0.0202 0.0190
2.3 50 mL 3
2.3.1 50 mL A +0.05 mL k=3 50
mlL Uso( 1) =O'725 =0.029 mL.
2.3.2 +3 C k=3
a=2.1x10"*«C"! 9.75x107% « C 7 '( ) 50 mL
-4
sy 303 Xzﬁl 10" 0,018 mL.
2.3.3 50 mL 10
0.030 mL.  ug5 = 0.030 mL.
2 2 2
2.3.4 0 = 0.029° +0.018” +0.030 ~0.000 9
50
2' 4 uxn rel 3
: 1) Up rel; 2) uc rel; 3)
up rel ©
2.4.1 Up o
2.4.1.1 Uy o U 0.7% 15
U 1.4% k=2
0. 7% 1.4%
Up rei(se) = ) = =0.003 5w, rel(y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu) — = =0.007 0
2.4.1.2 Up N o
3 1) :2) ;3) o
100 mL 1 mL o
1100 mL A +0.10 mL k=3 100 mL
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o =O'—;O=o. 058 mL; 2.3.2 gy =
_4
100x3x2.1x10 5 36 2.3.3 upyy =0.013 mL.
J3
100 mL U100 ret =
2 2 2
0.058" +0.036’ +0.013° _ (o o o
100
1 ml spL uyy =200 20,000 58 mL;
3
4
£3°C uyy =S X2 X0 6000 36 w1 ml 1 ml. 10
J3
0.0028 ugy =0.028 mL. 1 ml 1.0 ml.
2 2 2
/000058 0000 36 0.0 5 g 5 .. o
0.1 ml. (Se 1000 mg+L") 1 mL5
(100 mg+ L") 100 mL 2 mL HNO, (1

mg* L) 0wy, =/t o+ = +/0.000 697 +0.002 9° =0. 003 0.

_ /2 2
Up e = WU rel + Up rel

/0.007 0% +0. 003 0> =0. 007 6.

Up rel( Sc) =

0. 000 35 +0. 003 0 =0. 004 6; UB rel( Y La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu) —

Up rel
Up rel °
2.4.2 u, ,, 1CP-MS 5
3 Y=bX(b ) r
6 X, Xo
Sk 1 1 ( Co_é)z J=()(11{“"_f1")2
WU rer m ;—l—?-‘_n -, Sg = )
5(6,-G)
B P Sk yn n=15( 3
15 );p p=6;C : Cy: ;
Cy: R, S A o
3
Tab.3  Uncertainty of standard curve fitting
Element Se Y La Ce Pr Nd Sm Eu
Sk 0.010 2 0.004 5 0.003 4 0. 009 6 0. 008 0 0.016 6 0.012 6 0.018 6
EO 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6
B 1.002 9 0.9959 0.9950 0.992 2 0.992 9 1.003 4 0.997 2 0.999 8
c 0.431 2.356 2.888 2.597 0. 564 1.978 0.543 0. 186
U, 0.015 8 0.001 1 0. 000 7 0.002 2 0. 009 4 0.005 1 0.016 7 0.067 9
Element Gd Th Dy Ho Er Tm Yb Lu
Sg 0.024 0 0.020 0 0.012 2 0.001 7 0. 006 8 0.018 5 0.016 9 0.0127
EO 7.6 7.6 7.6 7.6 7.6 7.6 7.6 7.6
B 0.998 9 0.999 7 0.997 3 0.994 2 0.998 6 1. 000 8 1.002 0 0.999 7
c 0.415 0.058 0.326 0. 069 0.214 0.034 0.234 0.038
U, 0.038 8 0.236 8 0.0253 0.017 0 0.021 4 0.3723 0.048 8 0.228 5

u

¢ rel

0.000 7 ~0.236 8
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2.4.3 ) 10 C S.
A U, 5 4, 4

x /10
u,,, 0.0042~0.0212
2.4.4 X, U 3
X, Uy = «/ui ot uf v+ ufl ol 5. 5 X,
uy . 0.0087~0.3730 Y La Ce
Uy rel Ug rel Uy rel
Ue el @
4
Tab. 4  Uncertainty of repeatability
Element Se Y La Ce Pr Nd Sm Eu
S 0.1349 0.276 7 1.224 7 2.362 6 0.250 0 0.904 2 0.186 9 0.022 6
c 0.431 2.356 2.888 2.597 0.564 1.978 0.543 0.186
U, 0.027 1 0.004 7 0.004 2 0.006 5 0.006 8 0.006 9 0.007 7 0.012 6
Element Gd Th Dy Ho Er Tm Yb Lu
S 0.196 1 0.021 6 0.080 9 0.009 2 0.025 1 0.003 0 0.0323 0.005 3
c 0.415 0.058 0.326 0.069 0.214 0.034 0.234 0.038
U, 0.009 3 0.012 9 0.012 0 0.008 2 0.008 0 0.0212 0.011 7 0.007 7
5 X,
Tab. 5 Combined uncertainty calculation for element concentration of X in the sample solution
Element Se Y La Ce Pr Nd Sm Eu
Up o 0.004 6 0.007 6 0.007 6 0.007 6 0.007 6 0.007 6 0.007 6 0.007 6
Ug o 0.015 8 0.001 1 0.000 7 0.002 2 0.009 4 0.005 1 0.016 7 0.067 9
U, 0.027 1 0.004 7 0.004 2 0.006 5 0.006 8 0.006 9 0.007 7 0.012 6
Uy el 0.0317 0.009 0 0.008 7 0.010 2 0.0139 0.0115 0.0199 0.069 5
Element Gd Th Dy Ho Er Tm Yb Lu
Up ol 0.007 6 0.007 6 0.007 6 0.007 6 0.007 6 0.007 6 0.007 6 0.007 6
Ug o 0.038 8 0.236 8 0.0253 0.0170 0.021 4 0.3723 0.048 8 0.228 5
U, 0.009 3 0.012 9 0.012 0 0.008 2 0.008 0 0.0212 0.011 7 0.007 7
Uy rel 0.040 6 0.2373 0.029 0 0.020 5 0.024 1 0.373 0 0.050 8 0.228 8
2.5 6. 6
( ICP-MS)
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6
Tab.6 Summary of relative standard uncertainty of each component
Source Symbol Se Y La Ce Pr Nd Sm Eu
Sample weighing Uy el 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019
Recovery Up v 0.0254 0.0361 0.0173 0.0240 0.0231 0.0228 0.0234 0.0190
Constant volume Uy 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009
Element concentration Uy rel 0.0317 0.0090 0.0087 0.0102 0.0139 0.0115 0.0199 0.069 5
Source Symbol Gd Th Dy Ho Er Tm Yb Lu
Sample weighing Uy el 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019 0.0019
Recovery UR el 0.0228 0.0193 0.0190 0.0205 0.0237 0.0188 0.0202 0.0190
Constant volume Uy 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009 0.0009
Element concentration Uy, rel 0.0406 0.2373 0.0290 0.0205 0.0241 0.3730 0.0508 0.228 8
u,(C) = \/ulzn rel +ui, i FUY +uio iy Gy =% X m XII/OOO =X, XO. 318 ;0X1 000( mg * kg™');u(C) =u,
(C) xC.; 0.95 k=2 U=k xu(C) 7,
7
Tab. 7 Calculation of expanded uncertainty mg * kg™’
Element Sc Y La Ce Pr Nd Sm Eu
Relative combined uncertainty 0.0407  0.0373 0.0195 0.0262 0.0270 0.0256 0.0308 0.0721
RE cntent C, 0.059 0.319 0.391 0.351 0.076 0.267 0.073 0.025
Combined uncertainty u( C,) 0.002 0.012 0.008 0.009 0.002 0.007 0.002 0.002
Expanded uncertainty U 0. 005 0.024 0.015 0.018 0.004 0.014 0.005 0. 004
Element Gd Tb Dy Ho Er Tm Yb Lu
Relative combined uncertainty 0.0466 0.2381 0.0347 0.0291 0.0339 0.3735 0.0547 0.2296
RE content C, 0.056 0. 008 0.044 0.009 0.029 0.005 0.032 0.005
Combined uncertainty u( C,) 0.003 0.002 0.002 0 0.001 0.002 0.002 0.001
Expanded uncertainty U 0.005 0.004 0.003 0.001 0.002 0.003 0.003 0.002
2.6 ICP-MS 16 0.3 ¢
8. (2.118 £0.136)
mg * kg™’ 0.95 2,
8
Tab. 8 Results and expanded uncertainty of total amount rare earth oxides in tea mg * kg™
Element Se Y La Ce Pr Nd Sm Eu
RE content Cs 0.059 0.319 0.391 0.351 0.076 0.267 0.073 0.025
Expanded uncertainty U 0.005 0.024 0.015 0.018 0.004 0.014 0.005 0.004
Conversion factor of RE oxides ¥ 1.534 1.270 1.173 1.228 1.208 1.166 1.160 1. 158
RE oxides content CO1 0.091 0.405 0.459 0.431 0.092 0.311 0.085 0.029
Expanded uncertainty of RE ox—
des content U 0.008 0.030 0.018 0.022 0.005 0.016 0. 006 0.005
Element Gd Th Dy Ho Er Tm Yb Lu
RE content Cs 0.056 0.008 0.044 0.009 0.029 0.005 0.032 0.005
Expanded uncertainty U 0.005 0.004 0.003 0.001 0.002 0.003 0.003 0.002
Conversion factor of RE oxides ¥ 1.153 1.176 1.148 1.146 1.143 1.142 1.139 1.137
RE oxides content COi 0.065 0.009 0.051 0.010 0.033 0.006 0.036 0. 006
Expanded uncertainty of RE ox—
0. 006 0.005 0.003 0.001 0.002 0.003 0.003 0.002

ides content U
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Uncertainty Evaluation of Rare Earth Elements in Pu’ er
Tea by ICP-MS after Microwave Assisted Digestion

CHEN Bao PU Hongjun JIANG Donghua LUO Zhenggang

( National Center for Pu’ er Tea Product Quality Supervision and Inspection Pu’er 665000 China)

Abstract: Samples of Pu’ er tea were digested by using a microwave digester and its rare earth elements were de—
termined by ICP-MS. Uncertainty components such as sample weighing digestion constant volume preparation
of standard solutions curve fitting and measurement repeatability were analyzed and they were combined ac—
cording to JJF 1059. 12012 ( Evaluation and Expression of Uncertainty in Measurement) . The sample weighing
and constant volume were found to have no obvious effect on the determination while the other factors such as
preparation of standard solution standard curve fitting repeatability testing and sample digestion had higher
effect on the determination and should be controlled strictly for improving the accuracy and objectivity of the de—
termination of rare earth elements.

Key words: ICP-MS; rare earth elements; uncertainty; influencing factor



